The 
1) Introduction
When discounting cash flows it is always necessary to determine a proper discount rate. This discount rate is often a hurdle rate that seems to "reasonably" compensate the investor for the risk of the venture. It might also be one that is commonly used by the business community for the same line of business. 
where:
Er i is the discount rate r f the risk-free rate βi is a measure of the systematic risk of the project Er m -r f is the market risk premium
The CAPM demands computation of three parameters: the risk-free rate, beta and the market risk premium. The risk-free rate and the market risk premium are common to all investments. However, beta is specific to each type of business.
The estimation of beta demands the existence of price series of stocks traded in liquid and transparent markets. Unfortunately, because of their heterogeneity, high transaction costs and lack of liquidity reliable time series are non-existent for real estate
2) The Discount Rate for Income Properties
Let us start by explaining the practitioners´ approach to estimate the discount rate for income properties.
2.1) Practitioners´ Approach
Because of the difficulties of applying the CAPM, analysts looking for a formal methodology habitually take advantage of the Gross Yields published for different types of income properties in many parts of the world 2 .
The Gross Yield (y) is defined as:
where, I gp is the Gross Potential Income, and V is the appraised or market value of the property The Gross Potential Income is the rent that would be produced by the property assuming no vacancies, no collection losses and no special discounts to tenants (the so called "concessions").
The yield (y) corresponds to the discount rate of a no-growing perpetuity:
Version April 8, 2014
Copyright @2014. The author retains all rights to this material
Nonetheless, the formula is most often interpreted as the present value of a growing perpetuity. In this instance y is defined as:
where the discount rate is r, and g stands for the growth rate 3 .
For instance, if the yield is 9% and the expected growth rate is 2%, the "yield-implied discount rate" r will be 11%.
The common practice is to discount free (unlevered) cash flows at the rate r. Notice that r corresponds to unleveraged cash flows because the yield formula is based on gross potential income and ignores financing expenses. For simplicity, we keep this approach and all calculations in this document will be performed on unlevered cash flows.
There are two problems associated with this method. The first one is that this discount rate might not actually be an appropriate measure of risk. The second is that the yieldimplied discount rate is the wrong one to discount the free-cash flows.
Let us start by focusing on the first problem.
2.1.1) Why the yield-implied rate might not be an appropriate measure of risk
The CAPM discount rate only deals with systematic risk, i.e., the part of investment risk that cannot be diversified. This is because this model assumes that investors are welldiversified. Therefore, the CAPM rate would not apply to an undiversified (or partly diversified) investor since he would require compensation, not only for non-diversifiable risk, but for at least part of the portion of risk that could eventually be diversified away.
In a well-functioning stockmarket prices are normally set by those who are willing to pay the higher prices (the so called "marginal" investors). Logically these investors happen to be the ones who are satisfied with the lowest returns, hence the more diversified ones. This is why in such markets it is usually assumed that prices and returns match those demanded by well-diversified marginal investors.
As in well-functioning stockmarkets, yields and their implied rates r are also market rates since they are defined by property prices and rents. Nonetheless, in lieu of the low Version April 8, 2014
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Unfortunately, as long as a reliable procedure to use the CAPM for property is not found there is no easy way to overcome this.
2.1.2) Why the yield-implied rate is the wrong one for cash flow discounting
Now let us turn to the second problem: that the yield-implied discount rate is the wrong one to discount the free-cash flows.
The returns used to calculate betas from stockmarket information are based on shareholder benefits. These benefits equal revenues minus costs. However, the yieldimplied discount rate is based on gross revenues (income) but does not take into account the costs (operating, maintenance and rehabilitation). Since these costs are much more predictable than income, their risk is lower and so will be their discount rate.
The free-cash flows to be discounted are closely tied to benefits since they also result from the interaction of revenues and costs. Therefore, the free-cash flow discount rate must be affected by both, the discount rate corresponding to income (r) and a lower discount rate corresponding to costs. Real estate analysts tend to discount free-cash flows using the yield implicit rate (r) which is a mistake.
Obviously, the best way around this problem is to discount the different cash flows separately at their corresponding rates, as proposed in a previous paper (Sabal 2011a) . Nevertheless, as explained below, it is relatively simple to estimate the single discount rate that would result from combining the discount rates for each type of cash flow.
2.2) The Equilibrium Discount Rate for Income Properties
In order to determine the combined discount rate, a cash flow projection reflecting income and costs as they would behave under normal conditions must be prepared. By normal conditions it is meant that no extraordinary event must affect them. In other words, the cash flow should be in a state of equilibrium.
These cash flows must extent for a prolonged period of time so that the long-term productivity of the property is properly taken into account. For simplicity a perpetuity is Version April 8, 2014
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The combined discount rate is the single one at which the free-cash flow of these perpetuities (that is, the sum of all the different cash flows) must be discounted to get the property´s present value as calculated previously. This is no other but the internal rate of return of the investment. This discount rate will be named the "equilibrium discount rate".
Let us elaborate on this idea.
2.2.1) Cash Flows and their Corresponding Discount Rates
It was explained before that the inflows and outflows of any income property have different risks. The inflow is the income to be generated. The outflow includes expenses and recoveries, as well as periodical major maintenance and integral rehabilitation  CAPEX and Depreciation and Amortization are tied to the property and are independent of income  Given that most cash flow volatility stems from income related streams, it is reasonable to assume that Taxes are tied to income Thus, two main risk streams are identified: one group of cash flows that is closely tied to income and other group showing insignificant volatility. Only Recoveries is somewhere in between since it depends on both occupancy (and rent levels) and expenses.
It is reasonable to discount the items with little or no volatility at the risk-free rate. Therefore, the cash flow streams can be segmented as follows according to their risk levels and corresponding discount rates Risk-Free Rate (r f ) 5 Beware that discounting free-cash flows at the yield-implied rate results in an underestimation of the present value of the low risk cash flows and thus an overestimation of the present value of the property. This is a weakness of the way gross yields are traditionally used for the valuation of income properties that have been discussed elsewhere (Sabal 2011b) .
6 Rigorously, recoveries should be discounted at a rate somewhere between the risk-free rate r f and the yield-implied rate r. Nonetheless, as a practical matter, it will not make a material difference at what rate
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2.2.2) Present Values of the Cash Flow Streams
Once the risk characteristics of the cash flow streams have been established the next step is to calculate their respective present values. Remember that every cash flow relates to a perpetuity.
The inflow element is calculated as the present value of a perpetual income increasing in pace with inflation. This income equals the potential gross income after vacancies, other income and taxes. This cash flow will be named the Adjusted Potential Gross Income (I gpa ). The estimated adjusted potential gross income for year one (I gpa 1 ) discounted at the gross yield y gives the present value of the adjusted potential gross income at time zero (PV Igpa 0 ):
where r is the discount rate and g the perpetuity's growth rate (usually equal to estimated inflation).
Operating expenses and recoveries E are treated as a growing perpetuity to be discounted back to year zero using the risk-free rate r f .
Given that they do not take place on an annual basis major maintenance and integral rehabilitation require a more complex computation. It can be shown that the formula for calculating their present values at time zero is (refer to appendix for a detailed explanation):
where, MM stands for major maintenance or, alternatively, integral rehabilitation m is the year at which the first major maintenance (or integral rehabilitation) will take place, and t is the frequency in years in which, either major maintenance or integral rehabilitation, will occur.
they are discounted as long as their magnitude is not significant. For simplicity recoveries will be discounted at the risk-free rate (r f ) in this paper.
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The present value of the property at time zero will be the present value of gross income less the present value of operating expenses and recoveries, less the present value of the costs of integral rehabilitation and major maintenance (repeated ad infinitum at the necessary intervals).
The equilibrium discount rate for income property will be the single one at which the net cash flow of these perpetuities must be discounted to obtain the present value of the property at time zero as calculated above. In other words, the equilibrium rate equals the internal rate of return of the investment.
The next example illustrates the procedure:
Adjusted Gross Income is estimated to be €5 million and expenses and recoveries €120.000 both during the first year. Major maintenance of €2 million will take place at year zero and will be repeated every 10 years. Integral rehabilitation of €25 million will take place in year 15 to be repeated every 30 years. All cash flows will grow at a 2% inflation rate. The gross yield is 7% and the risk-free rate 5%.
The following table summarizes the information:
Frequency (years)
Adjusted Gross Potential Income €5,000.000 1
Gross Yield 7%
Expenses & Recoveries €120.000 1
Major Maintenance €2,000.000 0 10
Integral Rehabilitation €25,000.000 15 30
Risk-free Rate 5%
Inflation Rate 2%
The discount rate for adjusted gross potential income will be:
and the discount rate for all other cash flows will be the 5% risk-free rate.
The present values for the perpetuities are:
3) The Discount Rate for Development Projects
The general belief is that the discount rate for developments is more difficult to determine than the one for income properties, to the point that the custom is for each investor to set its own rate in a totally subjective manner.
In reality, the problems with the discount rate are not different from those encountered with income properties. As in that case, development projects have cash flows with differing risk levels. Simplifying we can identify at least two types of cash flows: those associated with the finished property and those related to development costs. The first group is riskier than the second. It is only necessary to find reasonable discount rates for each category.
The flows associated with the built property are assigned the same discount rate of an equivalent income property. It was seen before how that "equilibrium discount rate" could be estimated through a long-term cash flow projection.
Being relatively predictable (but not risk-free), cost cash flows should have a discount rate somewhat larger than the risk-free rate. The cost of the loan obtained to finance the works is a reasonable alternative.
The result of discounting these two cash flows will be the investment´s net present value without including the cost of the land. This net present value would have to be larger than the cost of the land in order for the project to be acceptable 7 .
7 The land is not included because its value is a real option whose value heavily depends on the volatility of the returns of the built property.
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Following a procedure, originally proposed by Kang (2004) , for the estimation of this combined rate is discussed. This section concludes with a simple numerical example.
It is assumed that the land is owned and that the development is fully funded through a bank loan that is contracted at the beginning. There are no other disbursements. The idea is to separate development costs, excluding land, from the value of the finished property. At the time of sale the difference will be received by the investor, i.e. the selling price for the property less the amount paid for the loan.
The investor will be in possession of the finished property at completion, say within three years. Hypothetically, at the beginning he could sell the right to own the finished property at the end of three years. As he does not, this translates into an opportunity cost incurred at inception. This opportunity cost is equal to the discounted value of the finished property at the equilibrium rate of the income property explained before 8 .
The net amount to be disbursed at time zero equals the opportunity cost less the bank loan. At the end of three years the cash flow will equal the income from the sale of the property less whatever is paid for the loan. The discount rate for the development equals the internal rate of return of this cash flow.
Let us illustrate with this example:
The amount to borrow (PV C ) is the present value of the amount to be paid for the loan at completion (€800.000) discounted at the loan´s discount rate (5%):
8 In its original paper Kang (2004) uses the yield-implied discount rate to find the present value of the finished property. It was seen before why this is not accurate.
Time for completion 3 years
Final value of property €1,200.000
Loan payment at completion €800.000
Loan interest rate 5%
Property´s equilibrium rate 9% 
The opportunity cost (PV P ) is the present value of the finished property (€1,200.000) discounted at the property´s equilibrium rate (9%):
€1, 200.000 PV €927.000 1 0.09
The initial net cash flow will be the property´s present value (PV P ) less the loan (PV C ):
€927.000 -€691.000 = €236.000
At the end of three years the investor will get the value of the property minus the loan payment:
€1,200.000 -€800.000 = €400.000
The corresponding cash flows are: The discount rate for the development will be the internal rate of return of this cash flow which is 19%.
4) Conclusions
Because of their heterogeneity, high transaction costs and lack of liquidity time series are non-existent for real estate and it is not possible to estimate the betas. These practical difficulties have practically invalidated the CAPM for real estate valuation.
Practitioners get around this problem by discounting income property free-cash flows at a yield-implied discount rate. However, this is wrong because it ignores that the risk implicit in non-income cash flows, such as operating expenses, maintenance and rehabilitation, are considerably lower.
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In the case of development projects the equilibrium income property discount rate is used to discount the flows associated with the built property. On the other hand, the cost cash flows are assigned a discount rate somewhat larger than the risk-free rate that is assumed equal to the cost of a bank loan. Then, following a procedure originally proposed by Kang (2004) , a combined discount rate for development projects can also be estimated.
